Enzyme regulation in C4 photosynthesis: purification, properties, and activities of thioredoxins from C4 and C3 plants.
Procedures are described for the purification to homogeneity of chloroplast thioredoxins f and m from leaves of corn (Zea mays, a C4 plant) and spinach (Spinacea oleracea, a C3 plant). The C3 and C4f thioredoxins were similar immunologically and biochemically, but differed in certain of their physiochemical properties. The f thioredoxins from the two species were capable of activating both NADP-malate dehydrogenase (EC 1.1.1.37) and fructose-1,6-bisphosphatase (EC 3.1.3.11) when tested in standard thioredoxin assays. Relative to its spinach counterpart, corn thioredoxin f showed a greater molecular mass (15.0-16.0 kDa vs 10.5 kDa), lower isoelectric point (ca. 5.2 vs 6.0), and lower ability to form a stable noncovalent complex with its target fructose bisphosphatase enzyme. The C3 and C4 m thioredoxins were similar in their specificity (ability to activate NADP-malate dehydrogenase, and not fructose-1,6-bisphosphatase) and isoelectric points (ca. 4.8), but differed slightly in molecular mass (13.0 kDa for spinach vs 13.5 kDa for corn) and substantially in their immunological properties. Results obtained in conjunction with these studies demonstrated that the thioredoxin m-linked activation of NADP-malate dehydrogenase in selectively enhanced by the presence of halide ions (e.g., chloride) and by an organic solvent (e.g., 2-propanol). The results suggest that in vivo NADP-malate dehydrogenase interacts with thylakoid membranes and is regulated to a greater extent by thioredoxin m than thioredoxin f.